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Abstract. Scrapie is a naturally occurring disease of domestic sheep and goat. The scrapie –associated 
form of the prion protein (PrpSC) accumulates in the brain and lymphoid tissues of sheep with scrapie.  
Immunohistochemical assay is particularly useful for the diagnosis of scrapie early in the clinical stage of the 
disease. when histological changes are mild or for examination of autolyzed tissues. The susceptibility of sheep 
to scrapie is influenced by PrP genotype. where the Prp gene is highly polymorphic with five different alleles 
from where results 15 different genotype. The ARR/ARR genotype has been associated with the higher level of 
resistance to the disease. At this time. there is no treatment to cure an animal that has contracted the disease. The 
only possibility to prevent the disease is the association with a genotype which is natural resistant at scrapie. The 
national strategy is to raise the natural resistance to the scrapie achieved by  molecular assisted selection based 
upon the Prp genotype.  
 
INTRODUCTION  
 
Scrapie is a fatal and infectios neurodegenerative disease occurring in sheep and goats. 
The disease belongs to the group of transmissible spongiform                                          
encephalopathies (TSEs) or prion diseases found in humans and animals. The disease was 
first reported in sheep over 250 year ago and at the begining it was not consider dangerous for 
humans. The bovine spongiform encephalopathies has detected for the first time in1986 in 
England. and then started to spread rapidly. with the suspicion that the illness is transmitted 
through the meat and bones meal from affected animals. insufficient thermal treated. Prion 
disorders manifest when the prion protein (PrPC). a normal cell surface glycoprotein. 
undergoes a conformational change from a predominantly α-helical to a β-sheet-rich structure 
that is pathogenic (PrPSc). This transformation is initiated by an exogenous source of PrPSC in 
cases acquired by infection. triggered by mutation(s) in the prion protein gene in inherited 
forms. and is a random. spontaneous event in sporadic cases. resulting in deposits of PrPSc in 
the brain parenchyma.  
 Polymorphisms in the prion protein (PrP) gene are associated with phenotypic 
expression differences of transmissible spongiform encephalopathies in animal and humans. 
In sheep. at least 10 different mutually exclusive polymorphisms are present in PrP.  
Prions may invade the central nervous system through several possible routes. Early in 
infection after oral ingestion. prions accumulate in the Peyer’s patches of the gut (lymphoid 
tissues). in the intestinal ganglia. and in lymphatic organs. Accumulation in the intestinal 
ganglia suggests that prions could travel directly from the sympathetic nerves innervating the 
intestine to the central nervous system. Scrapie transmission is thought to occur by oral 
exposure to the causative agent. uptake through the intestinal wall. amplification of the agent 
in the gut-associated lymphoid and nervous tissue and transport to the brain through the 
autonomic fibers of the vagus nerve. 
 Clinical signs of scrapie rarely develop before the age of 18 month and are highly 
variable. The majority of cases are diagnosed in animals 2 to 5 years of age. The predominant 
nervous signs of scrapie are as follows: 
  -tremors and abnormal posture and locomotion (ataxia. “bunny hoping” recumbence); 
  -a change in mental status (apprehension. teeth grinding. aggression); 
 -altered sensation (pruritus or itchiness. loss of wool. excoriation and inflammation of 
the skin. nibble reflex. excessive licking); 
 Detection of infected animals: 
Scrapie is diagnosed by detection of neuronal vacuolation and degeneration in 
formalin-fixed tissues of the central nervous system and by immunohistochemical detection of 
Prp-Sc in the brains of sheep (Foster. J. 1996). A diagnostic for the scrapie is possible only 
after 18 month. when the illness is in preclinical or clinical stage based on the 
immunohistochemical methods.  
The routine methods of preventing transmission disease between animals are 
quarantine. testing and removal. For these reasons. we consider that the active surveillance 
program based on large-scale testing of both slaughtered and fallen small ruminants 
implemented in the European Union must be completed with the immunohistochemistry 
(IHC) testing in living sheep. It is possible to detect scrapie agent in lymphoid tissues 
collected from the third eyelid of infected sheep (O'Rourke et al. 2000). However. the 
abnormal prion protein is not found in this tissue in all scrapie agents – infected sheep and this 
relatively labor-intensive technique limits the use of third eyelid test in screening for the 
presence of disease in groups of animals. From these reasons elaboration of breeding program 
for all breeds for growing the resistance for scrapie is necessary.  
The roll played by different alleles in the genetics determinism of the 
resistance/susceptibility at scrapie it was demonstrated by INRA in 1996 which tested 600 
sheep of Romanov breeds. They discover that the sheep which have in PrP gene the codons 
154 which encoded histidin (H) and the codon 171 for arginin (R) are resistant to scrapie. The 
sheep which have in Prp gene the codon 154 for arginin (R) and codon 171 for glutamine (Q) 
are sensitive in homozygote position and this sensitive increase if codon 136 encoded valin 
(V) in stead alanina (A). 
 In the same year (1996) at INRA has developed a prototype program of selection for 
growing the resistance at scrapie.  In 5 years(1996-2001). they use in reproduction only the 
male with they carry at least 1 copy of the allele ARR. the proportion of the sensitive male 
ARQ/ARQ. decrease from 24% to 7%. concomitent with the growing of very resistant male to 
scrapie from 28% to 46%.The male with the allele hypersensitive for scrapie was totally 
removed. Thanks to this studies many country has develop there own amelioration programs 
(Saradin. P. 1997). In Holland they started in 1999. in United Kingdom in 2000. in France in 
2002 (Arnold M.. 2002).The programs are carry out for a period of 5 years. and they have the 
purpose to eliminate the allele VRQ from population. and raise the frequency of the allele 
ARR and supply the breeders only with lambs only from male homozygote for the allele ARR 
very resistant to scrapie.   
 
MATERIAL AND METHOD 
 
Immunohistochemical assay is particularly useful for the diagnosis of scrapie early 
in the clinical stage of the disease. when histological changes are mild or for examination of 
autolyzed tissues. PrPSC is detectable in some lymphoid tissues of infected sheep. month or 
years before development of clinical disease. PrpSc was detected in the spleen. retropharyngeal 
lymph node. mesenteric lymph node. and in the palatine tonsil. However. only in the palatine 
tonsil was Prpsc present in a consistently high percentage of the lymphoid follicles. The 
palatine tonsil is the best-suited lymphoid tissue to be biopsied for the detection of PrpSc in the 
diagnosis of clinical scrapie in living sheep (Van Keulen et al. 1996). The following tissues 
will be taken by biopsy and placed in fixative (formalin 10%): palatine tonsils. 
retropharyngeal lymph node. and third-eyelid lymphoid tissue. The samples will be embedded 
according to standard procedures in paraffin. Tissue sections 4 µm thick will be cut on a 
rotary microtome and mounted on treated glass slides (Vectabond; Vector. Burlingame. CA) 
and dried overnight at 37oC. Sections will be dewaxed and hydrated by routine methods 
before the antigen retrieval procedure. To ensure the specificity of the pathological PrP 
immunostaining. several pre-treatment will be performed. Immersion in 98% formic acid for 
15 min. proteinase K treatment for 15 min at 37oC (Roche. Mannheim. Germany; 4 µg/ml). 
and hydrated autoclaving (immersion in distilled water in a pressure cooker) will be applied.  
Genetic analysis - overview of primer extension procedure 
The only possibility to prevent the disease is the association with a genotype which is 
natural resistant at scrapie. In many European development country such England. Holland. 
France. Belgium had development already programs to fight against scrapie by using assisted 
molecular selection. and take in consideration the genotype from the PrP locus.  
Genetic analysis includes:  
– template preparation (PCR pre SnapShot. removing dNTPs and primer with PCR 
purification kit to obtain purified template) 
- Reaction preparation (with template. primer and SNaPshot TM Multiplex ready reaction 
mix) 
- Thermal cycling extension SnapShot and treatment post SnapShot for removing 
unincorporated ddNTPs 
- Electrophoresis is carried out and detected with an ABI 3130xl Genetic Analyzer (Applied 
Biosystem) 
- Data analyzing with GeneMapper software  
- Identification of genotype  
Genomic DNA extraction - 5 ml blood samples collected into EDTA Vacutainer tubes 
and stored at -20oC. is using for extraction of DNA from blood using Wizard®DNA 
Purification kit (Promega) or with MagnaPure LC instrument. The quality and quantity of 
DNA is detected spectrophotometricaly in 1 µl of DNA samples using NanoDrop ND 1000.  
 
RESULTS AND DISCUSSIONS 
 
Determination of the Prp allele:  
They are 15 possible genotypes at the PrP locus (Gabriele Vaccari et al. 2006. R. 
Renaville  et al.. 2002 ). 
-ARR/ARR –sheep very resistant at scrapie (figure 1) 
- ARR/AHQ. ARR/ARH. ARR/ARQ-sheep genetic resistant to scrapie but they need a special 
attention for using in selection programs 
- ARQ/ARH.ARQ/AHQ.AHQ/AHQ.ARH/ARH.AHQ/ARH.ARQ/ARQ - sheep with lower 
genetic resistant to scrapie 
- ARR/VRQ-sheep sensitive to scrapie 
- AHQ/VRQ. ARH/VRQ. ARQ/VRQ. VRQ/VRQ-sheep very sensitive to scrapie 
 
 
Farm management measures 
In the lack of a useful preclinical diagnostic test for scrapie for screening the illness 
for a large number of live sheep.  a minimum measure is to maintain a closed flock for 
females. and to replace the male from the effective with those resistant to scrapie 
(ARR/ARR). 
  Preventive measure with are needed for the breeders: 
1. The animal with are purchase need to be done only from the groups with are known to have 
a minimal risk for scarpie 
2. Test for genetic scarpie susceptibility at least for the reproductive male 
3. Limit introduction to males and semen 
4. Restrict the use of aliment or the ingredients with meat and bones meal. 
 
 
Fig. 1  ARR/ARR genotype of male sheep of Turcana breed blackface variety 
 
CONCLUSIONS  
 
This project aims to increase scrapie resistance in Romanian sheep population using marker 
assisted selection. Achievement of scientific desiderates of this project needs accomplishment 
of the followings objectives:  
1. Development of a hierarchy within active sheep population based on performances 
and susceptibility to disease. with the aim of building reproducers male groups that 
will be genotypized at Prn-p locus; 
2. Identification of genetic structure of studied sheep population at Prp-p locus by 
establishing the genotype of reproducers;  
3. Realizing selection pattern by development a sanitary nucleus (reproducers with 
natural resistant genotype ARR/ARR) in Romanian sheep population. dissemination 
of research results performed by ANARZ with the aim of: 
- Elaboration of breeding plans for all breeds from Romania; 
- supplying safety of food chain by obtaining offspring carriers of at least one ARR allele; 
-safety of export of genotypized animals or animals obtained from scrapie resistant nuclei 
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